Objective: Pregabalin (PGB) is a compound used in the treatment of epilepsy, anxiety, and neuropathic pain. Experimental data also indicate that PGB can reduce inflammatory pain. We aimed to investigate the antiinflammatory effects of PGB on carrageenan (CAR)-induced paw edema and its effects on tumor necrosis factor-α (TNF-α) and interleukine-1β (IL-1β) acting as acute phase cytokines in inflammation, and antiinflammatory cytokine IL-10, in rats.
Introduction
Pregabalin (PGB) S(+)-3-isobutyl-gamma-aminobutyric acid (GABA), a gabapentin derivative, is an anticonvulsant used in the treatment of epilepsy [1] . It is also used for neuropathic pain treatment [2, 3] , and it exerts its effects by acting on the GABAergic neurotransmission, voltagedependent potassium channels, and calcium channels [4] .
Inflammation is a complex process that occurs in response to injuries and tissue damage, and it includes neutrophil migration to the inflamed area induced by inflammatory mediators, such as tumor necrosis factor-α (TNF-α), interleukine-1β (IL-1β), and the secretion of chemical mediators, such as histamine, serotonin, bradykinin, and prostaglandin [5] . If the inflammatory process is not terminated, it may harm the body systems and may cause some diseases, such as rheumatoid arthritis [6] .
The PGB is reported to have an antinociceptive effect in neuropathic pain as well as inflammatory pain [3, 7] . It is also suggested that the PGB exerted an antinociceptive effect in inflammatory pain via inhibiting the release of neuropeptides on sensory neurons. Furthermore, it was reported that gabapentin, which has structural and functional similarities to PGB, showed antiinflammatory effects in rats [8] .
Our goal was to investigate the anti-inflammatory effect of PGB at different doses in carrageenan (CAR)-induced paw edema as well as its effects on serum pro-and anti-inflammatory cytokine levels in rats. 
Drugs
The PGB (Lyrica; Pfizer, İstanbul, Turkey), carrageenan iota type, powder, J60603 (AlfaAesar, Karlsruhe, Germany), and indomethacin (INDO) (Fluka, BioChemika, Bucharest, Romania) were dissolved in saline. The PGB and INDO were administered intraperitoneally (i.p.), and CAR was intradermally (i.d.) (subplantar) administered.
Experimental Design
An acute anti-inflammatory effect of PGB was assessed in CAR-induced paw edema. In addition, proinflammatory cytokines IL-1β, and TNF-α, and anti-inflammatory cytokine IL-10 levels were determined in sera of rats. INDO, a nonsteroidal anti-inflammatory drug (NSAID), was used as a reference drug [9] .
Animals were divided into six groups (n=7 per group): 
Carrageenan-induced Paw Edema
The PGB at doses of 30, 50, and 100 mg/kg, INDO 5 mg/kg, or saline were injected i.p. to rats 30 minutes before the i.d. (subplantar) administration of 100µl of 1% CAR into the right hind paw of the rats. The paw thickness was measured just before the CAR injection (0 hour) and in every hour for 6 hours after the CAR injection using Vernier calipers [10, 11] .
Determination of the IL-1beta, TNF-alfa, and IL-10 Levels Intracardiac blood samples were obtained after 6 hours for the determination of cytokines and were kept at −80 °C until analysis. The IL-1β, TNF-α, and IL-10 levels in sera were analyzed using the enzyme-linked immunosorbent assay kits (eBioscience, Vienna, Austria) according to the manual.
Statistical Analysis
Statistical analysis was performed using the Statistical Package for the Social Sciences (SPSS Inc.; Chicago, IL, USA) version 15.0 statistical pack software. The data were normally distributed when analyzed using the Shapiro-Wilks test. The data of the anti-inflammatory response were analyzed statistically with one-and twoway analysis of variance (ANOVA); the statistical analysis of cytokine levels was conducted with one-way ANOVA. The Tukey post-hoc test was used according to the Levene homogeneity test. p<0.05 was considered statistically significant.
Results

The Effects of Pregabalin on CAR-Induced Paw Edema
Carrageenan significantly increased the paw thickness compared to control group (p<0.05). (As known carrageenan is an inflammatory agent. So it leads to inflammation. Thus, this data is an expected result.) There was no significant difference between the groups in terms of paw thickness at all time points, except in the CAR group (Figure 1) . CAR significantly increased the paw thickness at all hours compared to other groups. All doses of PGB significantly decreased the paw thickness dose-independently at 4th-6th hour, and this effect was similar to INDO ( Figure 1 ).
The Effects of Pregabalin on the Serum Cytokine Levels
The PGB 50 mg/kg increased the IL-10 levels compared to the control and CAR groups (p<0.05) This effect was less prominent than in the INDO group; however, there was no statistical significance between the PGB 50 mg/kg and INDO groups ( Figure 2 ).
Carrageenan significantly increased the IL-1β and TNF-α levels compared to the control and PGB groups (p<0.05). The PGB significantly decreased the IL-1β and TNF-α levels doseindependently compared to the CAR group (p<0.05). These effects of PGB were similar to INDO; however, there was no statistical significance between the PGB and INDO groups ( Figure 3, 4) .
Discussion
In this study, we investigated the anti-inflammatory effects of PGB on the CAR-induced paw edema and its effects on the serum cytokine levels in rats. We observed that CAR increased the paw thickness compared to control (p<0.05).
The paw thickness was found to be increased at the 3 rd and 4 th hour and reduced to the 0-hour values at the 6 th hour in the treatment groups (p>0.05) (Figure 1 ), whereas paw thickness increased with time in the CAR group (p<0.05). We observed that the PGB decreased the paw edema dose independently, and this effect was similar to INDO, the reference anti-inflammatory drug (Figure 1 ). This result was consistent with the finding that gabapentin reduced the paw thickness in an arthritis model in rats induced with Freund' s complete adjuvant administration [12] . Although we used the PGB and CAR-induced inflammation model, we may suggest that our results are in accordance considering the similarity between the PGB and gabapentin in the mechanism of action with gabapentin.
The PGB, similar to gabapentin, acts by binding to the α2δ-1 subunit of voltage-gated calcium channels. It also affects GABAergic neurotransmission. The PGB exerts antiepileptic, analgesic, and anxiolytic effects. In addition, antiepileptics can sometimes be used for the relief of postherpetic neuralgia as an adjunctive treatment to antidepressants [13] . In the United Kingdom, gabapentin and pregabalin are indicated for the treatment of neuropathic pain. The PGB, as an antiepileptic, shows less efficacy against the focal seizures and may worsen generalized myoclonic and absence seizures. The PGB is also used for diabetic peripheral neuropathy, postherpetic neuralgia, and fibromyalgia [7] . Antiepileptic drugs are particularly preferred for neuropathic pain conditions, for example, painful diabetic neuropathy and postherpetic neuralgia, and they are not favored for nociceptive pain, such as arthritis. On the other hand, their use in acute pain conditions has been studied. In general, acute pain is treated ineffectively as chronic pain [4] . The α2δ-1 subunit of voltage-gated calcium channels is reported to be upregulated in inflammatory models in rats [14] . Furthermore, ligands of the α2δ-1 subunit as well as pregabalin were shown to be effective in inflammatory pain models, and this effect was associated with binding to the α2δ-1 subunit rather than affecting the GABAergic transmission [15] .
Inflammation is a defense mechanism that protects the body from the damage caused by endogenous or exogenous stimuli [6] . Inflammation is essential to maintain physiological processes; however, if the underlying pathology that triggers inflammation remains untreated, inflammatory diseases, such as rheumatoid arthritis and atherosclerosis, may occur [6] .
In our study, we induced inflammation by CAR, which is an acute inflammation model [10, 11]. There are several hypotheses trying to clarify the acute inflammation processes. Recently, it was reported that the cytotoxicity emerging in the acute phase of the inflammation may result from the damaging effects of reactive oxygen species induced by the release of proinflammatory cytokines [16, 17] . In addition, enzymatic pathways, such as COX-2, which is an inducible COX enzyme, are suggested to play role in the inflammatory response [18] . Considering this, nonsteroidal anti-inflammatory drugs (NSAIDs) are used for their analgesic, antipyretic, and antiinflammation properties. In addition, PGB was reported to show analgesic effect on inflammatory pain by inhibiting neuropeptides on sensory neurons [19] .
In our previous study, the PGB (30 and 100 mg/ kg) exerted a central spinal but not central supraspinal antinociceptive effect, and the PGB 100 mg/kg presented a peripheral antinociceptive effect. We suggested the involvement of the opioidergic pathway in the central spinal antinociceptive effect of PGB, whereas the nitrergic and serotonergic pathways are not involved [3] . Therefore, we aimed to investigate the effect of PGB on inflammation considering its use in the treatment of acute and chronic neuropathic pain. Inflammatory responses are often mediated by the production of proinflammatory molecules and cytokines [20] . The first 6 hours of the inflammation are regarded to be significant in the inflammation process because the release of cytokines, also known as acute phase reactants, reach maximum levels in this period. Inflammatory mediators, such as TNF-α and IL-1β, play a significant role in the inflammatory processes [5] . On the other hand, IL-10 serves as an antiinflammatory cytokine that inhibits the release of TNF-α, IL-1, IL-6, IL-8, and IL-12 from macrophages [18] . Blood concentrations of several cytokines, such as TNF-α, IL-6, and IL-1β, are widely used as biomarkers of inflammation. TNF-α was the first cytokine to be considered a common linking factor in the inflammatory response, whereas IL-6 is an acute phase reactant and is involved in the progression of acute inflammation to chronic inflammation [21] . IL-1β plays an essential role in the inflammatory process; however, its prolonged high levels have been associated with inflammatory diseases, such as irritable bowel syndrome and rheumatoid arthritis [20, 22] . In our study, we observed that PGB at all doses decreased the levels of proinflammatory cytokines TNF-α and IL-1β, which increased with the CAR injection in the sera of rats. Furthermore, this effect was comparable to INDO. In addition, the PGB increased the levels of IL-10. However, this effect was less prominent than INDO (Figure 2-4 ).
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This study offers PGB as an alternative antiinflammatory agent comparing its anti-inflammatory effect to those of NSAIDs. Accordingly, gastric side effects of PGB, if there are any, should be stated to make a more appropriate comparison. In this study, we did not assess the gastric side effects of PGB; however, we planned to investigate the effects of pregabalin on gastric ulcer formation in further studies.
As a conclusion, we suggest that PGB possesses anti-inflammatory effect at all doses. However, this effect was similar to INDO, a NSAID, which is in used in clinical practice. We suggest that PGB 30 and 50 mg/kg may be used as an antiinflammatory agent. 
